The long-term goals associated with this project are to quantify turbulence and to understand the mechanisms and implications of turbulent mixing in the bottom boundary layer of the coastal ocean.
ADVs, and W. J. Shaw, a graduate research assistant, assisted with reducing the noise floor in the BASS measurements of sound speed to an acceptable level. Williams deployed the tripod at the central CMO site on the New England shelf, at a water depth of approximately 70 m, in August 1996. He recovered and redeployed the tripod, for the purpose of offloading data and changing batteries, in October 1996 , January 1997 , April 1997 , and June 1997 . The final recovery was in August 1997. An array of moorings with velocity, temperature and conductivity sensors extending from surface to bottom were maintained at the same site during the same period by S. Lentz, J. Edson, A. Plueddemann, and S. Anderson. Manuscripts describing the SuperBASS measurement program, the modification of the BASS sensors to produce low-noise measurements of sound speed, and preliminary analysis of the SuperBASS data were published in conference proceedings by Shaw et al. (1996) , Trowbridge et al. (1996) and Voulgaris et al. (1997) .
Analysis to date has focused on (1) obtaining direct covariance estimates of turbulent momentum and heat fluxes and indirect inertial-range estimates of turbulence dissipation rate for turbulent kinetic energy and scalar variance from ADV and BASS measurements; (2) using the estimates of fluxes and dissipation rates to test simplified budgets for turbulent kinetic energy and scalar variance; (3) using the flux estimates and Reynolds averaged velocity and sound speed measurements to test MoninObukhov (MO) similarity theory, a simple flux-profile relationship (i.e., turbulence closure model) developed in the atmospheric literature; and (4) use of the turbulence measurements and moored velocity measurements to test simplified vertically integrated momentum balances for the bottom boundary layer. Portions of this work appear in W. J. Shaw's PhD thesis and in Trowbridge (1998) , Shaw and Trowbridge (accepted) , Shaw, Trowbridge and Williams (in press) , and Shaw and Trowbridge (in preparation).
RESULTS
A simplified budget for turbulent kinetic energy, in which production balances dissipation plus buoyancy flux, is consistent with the SuperBASS measurements (Figure 1 ). At all heights within the BASS array, production and dissipation are the dominant terms in this balance. Near the bottom of the array (z ~ 1 m), the flux Richardson number (ratio of buoyancy flux to production) is much smaller than 0.2, which is often cited as a critical value, above which turbulence cannot exist. At the middle of the array (z ~ 3 m) and above, the flux Richardson number maintains a roughly fixed value of approximately 0.2, suggesting control of the turbulence by buoyancy effects, even though the buoyancy term in the energy balance is not large. The SuperBASS estimates of turbulent Reynolds stress and the moored velocity measurements are consistent with an Ekman balance, in which along shore bottom stress balances density times Coriolis parameter times vertically integrated cross-shelf velocity in the bottom boundary layer, relative to the cross-shelf velocity in the overlying flow (Figure 2) . Although a cornerstone in geophysical fluid dynamics and shelf dynamics, an Ekman balance has not previously been tested with direct measurements of turbulent Reynolds stress. Successful closure of this balance indicates that the bottom boundary layer dynamics are consistent with classical theory and that the stresses estimated from BASS velocity measurements are representative of the bottom drag experienced by the entire bottom boundary layer. Successful closure of the bottom Ekman balance indicates that estimates of turbulent Reynolds stresses are meaningful, which is important because these stress estimates are an order of magnitude smaller than concurrent wind measurements and an order of smaller than previous estimates of bottom stress in this region, obtained indirectly from an assumed depth-averaged momentum balance. (Figure 3 ). Thus MO similarity theory fails in this application. A likely explanation is that the boundary layer thickness, a parameter that does not appear in the MO formulation, has an important effect on the near-bottom turbulence dynamics. Future research will address this issue by means of more general turbulence closure models. 
IMPACT/APPLICATIONS
This study has demonstrated successful measurement of turbulent fluxes and dissipation rates and their interpretation in the continental shelf bottom boundary layer. This work will lead ultimately to critical tests and improvements of turbulence closure models (such as the widely used Mellor-Yamada model).
TRANSITIONS
The estimates of turbulence statistics obtained during this study are being used in companion studies of sediment transport and particle dynamics by P. S. Hill (of Dalhousie University), Y. C. Agrawal (Sequoia Scientific, Inc.), and P. Traykovski (Woods Hole Oceanographic Institution) (Hill et al., submitted, Agrawal and Traykovski, submitted) .
RELATED PROJECTS
Trowbridge's and Y. C. Agrawal's participation in the ONR program HYCODE will capitalize on the techniques for turbulence measurement and analysis that have been developed during this study.
